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(57) Abstract 



A novel and improved method for performing transmit power control is described. A signal is transmitted at a transmit power and 
includes a traffic channel transmitted at a traffic channel transmit power, and a pilot channel transmitting at a pilot channel (70) transmit 
power. The receive energy of the pilot channel is measured, and a decrease power control command (121) is generated when the receive 
energy is greater than a receive energy threshold. If the receive energy is less than the receive energy threshold, an increase power control 
command (121) is generated. The power control command (121) is transmitted to the system generating the signal. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Fmland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 6 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote d' I voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/34356 



PCT/US98/01059 



PILOT BASED TRANSMIT POWER CONTROL 
BACKGROUND OF THE INVENTION 

5 

I. Field of the Invention 

The present invention relates radio frequency signal 
communications. More particularly, the present invention related to a 
10 novel and improved method for performing power control. 

II. Description of the Related Art 

The IS-95 Over-the-Air (OTA) Interface Standard defines a set of RF 
15 signal modulation procedures for implementing a digital cellular telephone 
system. The IS-95 Standard, and its derivatives, such as IS-95A and ANSI J- 
STD-008 (referred to collectively as the IS-95 Standard), are promulgated by 
the Telecommunications Industry Association (TIA) to insure the 
operability between telecommunications equipment manufactured by 
20 different vendors. 

The IS-95 Standard has received enthusiastic reception because it uses' 
the available RF bandwidth more efficiently than previously existing 
cellular telephone technologies. This increased efficiency is provided by 
using Code Division Multiple Access (CDMA) signal processing techniques 

25 in combination with extensive transmit power control to increase the 
frequency reuse of a cellular telephone system. 

FIG. 1 illustrates a highly simplified digital cellular telephone system 
configured in a manner consistent with the use of IS-95. During operation, 
telephone calls and other communications are conducted by exchanging data 

30 between subscriber units 1 (generally cellular telephones) and base stations 2 
using RF signals. Typically, communications are further conducted via 
wireline connections from base stations 2 through base station controllers 
(BSC) 4 and mobile switching center (MSC) 6 to either public switch 
telephone network (PSTN) 8, or to another subscriber unit 1. BSC's 4 and 

35 MSC 6 typically provide mobility control, call processing, and call routing 
functionality. 

The RF signal transmitted from a base station 2 to a set of subscriber 
units 1 is referred to as the forward link signal, and the RF signal 
transmitted from a subscriber unit 1 to a base station 2 is referred to as the 
40 reverse link signal. The IS-95 Standard calls for subscriber units 1 to provide 
telecommunications service by transmitting user data such as digitized voice 
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data via the reverse link signal. The reverse link signal is comprised of a 
single traffic channel, and therefore is often referred to as a "non-coherent" 
signal because it does not include a pilot channel. 

Within the reverse link signal, user data is transmitted at a 
5 maximum data rate of 8.6 or 13.35 kbps, depending on which rate set from a 
set of rate sets provided by IS-95 is selected. The use of a single channel, 
non-coherent, reverse link signal simplifies the implementation of an IS-95 
cellular telephone system by eliminating the need for synchronization 
between a set of subscriber units 1 communicating with a single base station 
10 2. 

As mentioned above, IS-95 incorporates extensive transmit power in 
order to more efficiently utilize the available RF bandwidth. In accordance 
with IS-95, this power control is performed by measuring the strength or 
quality of the reverse link traffic channel when received at the base station 

15 and generating a power control command based on that measurement. The 
power control command is transmitted to the subscriber unit via the 
forward link signal. 

The subscriber unit responds to the power control command by 
increasing or decreasing the transmit power of the reverse link signal based 

20 on the power control command. This power control adjustment is 
performed repeatedly at rates on the order of 800 times per second in order 
to maintain the reverse link signal transmit power at the minimum 
necessary to conduct communications. Additionally, IS-95 also calls for 
transmit duty cycle of the reverse link signal to be adjusted in response to 

25 changes voice activity in 20 millisecond increments. Thus, when the 
transmit duty cycle is lowered, the signal is transmitted at either a set point, 
or the signal is gated and not transmitted at all. During periods when the 
reverse link signal is gated, the base station generates incorrect power 
control increase commands because the reverse link signal is not detected. 

30 The subscriber unit can ignore these false increase commands, however, 
because it knows when the reverse link signal was and was not transmitted, 
and therefore when the false increase commands are generated. 

To satisfy the ever increasing demand to transmit digital data created 
by networking technologies such as the worldwide web, a higher rate and 

35 more complex transmission system incorporating a multi-channel, 
coherent, reverse link signal is provided in co-pending U. S. Patent 
Application Serial No. 08/654,443 entitled "High Data Rate CDMA Wireless 
Communications System" filed on May 28, 1996, assigned to the assignee of 
the present invention and incorporated herein by reference ('443 
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application). In particular, the above referenced patent application describes 
a reverse link signal including at least one traffic channel, a power control 
channel, and a pilot channel. 

The use of a multi-channel reverse link signal provides various 
5 advantages including increased flexibility because different types of data may 
be transmitted simultaneously over the set of channels. Additionally, 
providing a pilot channel in the multi-channel reverse link signal facilitates 
coherent processing of the reverse link signal which improves processing 
performance. 

!0 It is also desirable to perform reverse link power control for the high 

speed link described in the above referenced patent application in order to 
continue to make efficient use of the available RF bandwidth. In one 
implementation of the high data rate system described in the above 
referenced patent application, however, the reverse link signal is 

15 transmitted continuously, with the transmit power of the traffic channel 
being adjusted incrementally in 20 millisecond increments in response to 
changes in the data rate, typically brought about by changes in the voice 
activity. That is, the traffic channel is transmitted at a reduced power level 
rather than at a reduced duty cycle during each 20 ms increment when the 

20 data rate decreases. Typically, the transmit power could be one of four levels 
that can be used for one of four voice activity increments, however, any 
number of transmit power levels can be used. 

Thus, the transmit power for the high data rate system varies over a 
wider range values than for IS-95, which is either transmitted at the set 

25 point or completely gated. Also, the transmit power in the higher rate 
system can remain low for a longer period of time than for IS-95, since IS-95 
requires at least some set point transmissions during each frame, while no 
set point transmissions may occur for several frames for the higher rate 
system if the data rate remains low. Since the system receiving the high rate 

30 link will not know whether this reduction is due to increased distance, or 
simply a result of the reduced data rate, it will be difficult to determine the 
appropriate power control command to transmit. Since it is nonetheless 
desirable to perform reverse link power control in this high rate system, a 
new method for reverse link power control is required. 

35 

SUMMARY OF THE INVENTION 

The present invention is a novel and improved method for 
performing reverse link power control. A reverse link signal transmitted at 
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a reverse link transmit power includes at least a traffic channel transmitted 
at a traffic channel transmit power, and a pilot channel, transmitted at a pilot 
channel transmit power. At a receive system the receive energy of the pilot 
channel is measured, and a decrease power control command is generating 
5 when the receive energy is greater than a receive energy threshold. If the 
receive energy is less than the receive energy threshold an increase power 
control command is generated. The power control command is transmitted 
to the system generating the reverse link signal. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of the present invention will 
become more apparent from the detailed description set forth below when 
taken in conjunction with the drawings in which like reference characters 
15 identify correspondingly throughout and wherein: 

FIG. 1 is a block diagram of a cellular telephone system; 
FIG. 2 is a block diagram of a subscriber unit or cellular telephone 
configured in accordance with one embodiment of the invention; and 

FIG 3 is a block diagram of a base station configured in accordance 
20 with an exemplary embodiment of the present* invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 FIG, 2 is a block diagram of a subscriber unit or cellular telephone 

configured with one embodiment of the invention. During operation 
encoder 12 convolutionally encodes user data 10 to generate encoded 
symbols 14. User data 10 is typically vocoded voice information provided at 
a variable data rate, although any type of digital data may be transmitted. 

30 The user data is processed in 20 ms increments, or frames, in which the 
amount of data contained in each frame varies in response to changes in the 
data rate. 

Traffic channel modulator 16 modulates encoded symbols 14 with a 
traffic channel code to generate traffic channel symbols 18. Additionally, 
35 traffic channel modulator 16 increases or decreases the gain of the traffic 
channel in response to channel gain adjust command 62 as described below. 
The gain of the traffic channel is further adjusted by traffic channel 
modulator 16 in response to changes in the amount of data being 
transmitted during each 20 ms frame. 
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Pilot channel modulator 70 generates pilot channel symbols 22 and 
also adjusts the amplitude of the pilot channel in response to channel gain 
adjust command 62. Similarly, power control channel modulator 72 
generates power control symbols 74 in response to forward link power 
control command 66, and adjusts the amplitude of power control symbols 74 
in response to channel gain adjust command 62. 

Summer 20 sums traffic channel symbols 18 with pilot channel 
symbols 22 and power control symbols 74 to generate summed symbols 24. 
Spreader 26 modulates summed symbols 24 with one or more 
pseudorandom noise (PN) spreading codes to generate spread data 28. 
Transmitter 30 upconverts spread data 28 to a desired RF frequency 
generating reverse link signal 32 which is transmitted from antenna system 
34 via diplexer 36. Additionally, transmitter 30 adjusts the transmit power 
of reverse link signal 32 in response to reverse link gain adjust command 64. 
15 In a preferred embodiment of the invention, the bandwidth of the data from 
spreader 26 is 1.2288 MHz in accordance with the high data rate system as 
described in the above referenced '443 application. 

Additionally, in one embodiment of the invention power control 60 
also performs "open loop" power control by^ adjusting reverse link gain 
adjust command 64 in response changes in the received energy of the 
forward link signal E^. In particular, when the power level of the forward 
link signal Efl decreases, the transmit power of the reverse link signal is 
increased proportionally by increasing gain adjust command 64. The gain of 
the reverse link signal is increased in response to a decreasing forward link 
25 signal because the reverse link signal is likely to experience similar transmit 
conditions, and therefore the receive power of the reverse link signal will 
also decrease at the base station. By initiating a change in the reverse link 
transmit power upon detecting the change in the forward link power, 
compensation for this change can begin more quickly than with the use of 
30 power control commands alone. 

Simultaneous with the transmit processing described above, receiver 
40 within subscriber unit 30 receives one or more forward link RF signals by 
way of antenna system 34 and diplexer 36. These forward link signals are 
typically generated within a base station such as that shown in FIG. 1. 
35 Receiver 40 digitizes and downconverts the forward link signals yielding 
digitized baseband data 42. The digitized baseband data 42 is demodulated by 
despreader 44 using a pseudorandom noise (PN) spreading code yielding 
despread samples 46. Channel demodulator 48 demodulates despread 
samples 46 with a channel code yielding soft decision data 50, reverse link 
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power control command 52, and strength measurement 53. Decoder 54 
decodes the soft decision data 50 to generate user data 56. Various types of 
decoding are well known in the art including trellis decoding and Viterbi 
decoding. 

5 Reverse link power control command 52 and strength measurement 

53 are received by power control system 60. Power control system 60 
responds by generating gain adjust commands 62 and 64, as well as forward 
link power control command 66. In the preferred embodiment of the 
invention, reverse link power control command 52 is received within the 
10 forward link signal in the form of power control bit, and strength 
measurement 53 is the measured energy value of the received forward link 
signal (Efl). Power control system 60 is typically comprised of a 
microprocessor controlled by a set of software instructions, the use of which 
is well known. 

15 To generate gain adjust commands 62 and 64, power control system 60 

examines reverse link power control command 52 to determine whether an 
increase or decrease command has been received, and whether that 
command is directed towards a specific reverse link channel or towards the 
set of reverse link channels. For example, the reverse link power control 

20 command 52 may request an increase in the transmit power of the traffic 
channel. If so, power control system 60 increases the amplitude of the traffic 
channel. The increase is performed via the application of channel gain 
adjust command 62 to traffic channel modulator 16. 

Alternatively, reverse link power control command 52 may request 

25 an increase in the transmit power of the entire reverse link signal. If so, 
power control system 60 increases the transmit power of the reverse link 
signal via reverse link gain adjust command 64 applied to transmitter 30. 
Similarly, reverse link power control command 52 may request an increase 
in the transmit power control pilot channel. If so, power control system 60 

30 increases the amplitude of the pilot channel via gain channel adjust 
command 62. 

Those skilled in the art will recognize that the amplitude and 
transmit power may be adjusted at other stages of the transmit processing, 
rather than at the stages shown. For example, the total transmit power of 
35 the reverse link signal may be adjusted within spreader 26 or other systems 
introduced into the transmit processing sequence. 

Power control system 60 also receives the measured energy value of 
the received forward link signal (Efl). Power control system 60 responds to 
the measured energy value of the forward link signal by generating forward 
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link power control command 66 requesting a either an increase of decrease 
in the transmit power of the forward link signal which is applied to power 
control channel modulator 72. Power control channel modulator 72 
modulates the power control command with a power control channel code 
5 generating power control symbols 74 which are applied to summer 20 and 
therefore transmitted to the base station in the reverse link signal. In the 
preferred embodiment of the invention forward link power control 
command 66 is generated in accordance with US Patent application serial no. 
08/722,763 entitled "Method and Apparatus for Measuring Link Quality in a 
10 Spread Spectrum Communication System" filed September 27, 1996, 
assigned to the assignee of the present invention, and incorporated herein 
by reference. 

FIG. 3 is a block diagram of a base station configured in accordance 
with the use of the present invention. The reverse link signal transmitted 

15 from the subscriber unit of FIG. 2 is received by antenna system 100 and 
applied to receiver 102 through diplexer 104. Receiver 102 digitizes and 
downconverts the reverse link signal generating digitized baseband samples 
105. Despreader 106 performs despreading on the digitized baseband samples 
105 using a PN spreading code generating despread data 108. Traffic channel 

20 demodulator 108 demodulates the despread data using a traffic channel code 
generating traffic channel soft decision data 110. Pilot demodulator 112 
demodulates the despread data 108 using a pilot channel code generating 
pilot data 114. Phase rotate 116 uses pilot data 114 to phase rotate traffic 
channel soft decision data 110 yielding phase adjusted traffic data 118. 

25 Power control command generator 120 measures the reverse link 

pilot channel energy (E P ) and compares it with a desired pilot channel 
energy threshold (Epx). In a first embodiment of the invention, if the 
reverse link pilot channel energy (E P ) exceeds the desired pilot energy Epr, a 
reverse link power control command 121 requesting a decrease in the 

30 transmit power of the entire reverse link signal is generated by power 
control command generator 120 and applied to multiplexer 122. If the 
reverse link pilot energy (E P ) is less than the desired pilot energy (Epj), a 
reverse link power control command: 121 requesting an increase_in the 
transmit power of the entire reverse link signal is generated by power 

35 control command generator 120 and also applied to multiplexer 122. The 
power control command typically takes- the form of a bit or set of bits. 

In alternative embodiments of the invention, a more complex set of 
power control command may be utilized, including command which 
indicate the transmit power should be adjusted by one of a set of possible 
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increments, or by no amount at all, or that only one particular channel in 
the reverse link signal should be adjusted. For example, a power control 
command requesting an adjustment in the transmit power of the traffic 
channel may be generated. 
5 During transmit processing, encoder 131 performs convolutional 

coding on user data 132 generating code symbols "134. User data 132 is 
typically digitized and vocoded voice, although other types of digital data 
may be used. Multiplexer 122 multiplexes reverse link power control 
command 121 from power control command generator 120 with code 

10 symbols 134. In alternative embodiments of the invention power control 
command 121 may be punctured into code symbols 134, or a second channel 
code may be used to generate a separate power control channel over which 
reverse link power control command 121 is transmitted. 

Channel modulator and spreader 128 modulates the data from 

15 multiplexer 122 with both a channel code and a PN spreading code 
generating spread data 130. Spread data 130 is summed with other spread 
data from other forward link channels by summer 135 generating summed 
data 136. Transmitter 138 upconverts summed data 136 and the 
upconverted RF signal is transmitted from antenna system 100 by way of 

20 diplexer 104. 

By generating power control command 121 based on the energy of the 
pilot channel, rather than the traffic channel, a more accurate power control 
command is generated because the pilot channel is transmitted with a 
relatively constant or slow changing transmit power. This is in contrast to 

25 the traffic channel which is transmitted at a varying transmit power in 
response to changes in voice activity as described above. Generating a more 
accurate reverse link power control command enhances the overall 
performance of the CDMA cellular telephone system because the transmit 
power of each reverse link signal is kept closer to the minimum necessary to 

30 conduct communications. Increasing the performance of the CDMA cellular 
telephone system, or any other CDMA wireless communication system, 
utilizes the available RF bandwidth more efficiently. 

Thus, an improved method for providing reverse link power control 
has been described. The invention can be incorporated into both terrestrial 

35 as well as satellite based wireless communication- systems, as well as wire 
based communication systems over which sinusoidal signals are 
transmitted such as coaxial cable systems. Also, while the invention is 
described in the context of a 1.2288 MHz bandwidth signal, the use of other 
bandwidths is consistent with the operation of the invention including 2.5 
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MHz and 5.0 MHz systems. Furthermore, while the invention is described 
in the context of a reverse link signal, it may also be used in other types of 
transmissions including the forward link signal In a preferred embodiment 
of the invention, the various systems described herein are implemented 
5 using semiconductor integrated circuits coupled via conduct, inductive, and 
capacitive connections, the use~of which is well known in the art. 

The previous description of the preferred embodiments is provided to 
enable any person skilled in the art to make or use the present invention. 
The various modifications to these embodiments will be readily apparent to 
10 those skilled in the art, and the generic principles defined herein may be 
applied to other embodiments without the use of the inventive faculty. 
Thus, the present invention is not intended to be limited to the 
embodiments shown herein but is to be accorded the widest scope consistent 
with the principles and novel features disclosed herein. 

15 

I (WE) CLAIM: 



'1 
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CLAIMS 

1. A method for performing transmit power control on a reverse 
2 link signal processed using code division multiple access techniques and 

transmitted at a reverse link transmit power, wherein the reverse 'link 
4 signal has a traffic channel transmitted at a traffic channel transmit power, 
and a pilot channel transmitting at a pilot channel transmit power, 
6 comprising the steps of: 

measuring a receive energy of the pilot channel; 
8 generating a decrease command when said receive energy is 

greater than an energy threshold; and 
10 generating an increase command when said receive energy is 

less than said energy threshold. 

2. The method as set forth in claim 1 wherein said increase 
2 command is for increasing the reverse link transmit power and said 

decrease command is for decreasing the reverse link transmit power. 

3. The method as set forth in claim 1 further comprising the step 
2 of transmitting said increase command and said decrease command via a 

forward link signal. 

4. The method as set forth in claim 2 wherein the traffic channel 
2 is received at a set of power levels and a corresponding set of transmission 

rates. 

5. A system for performing telecommunications comprising: 

2 a set of subscriber units for transmitting a set of reverse link 

signals having a pilot channel and a traffic channel; and 
4 a base station for receiving a reverse link signal from said set of 

reverse link signals, for measuring an energy level of said pilot channel, and 
6 for generating a power control command based on said energy level. 

6. The system as set forth in claim 5 wherein each subscriber unit 
2 from said set of subscriber units comprise: 

means for generating said pilot channel; 
4 means for generating said traffic channel; and 

means for generating an amplitude adjust command. 
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7. The system as set forth in claim 5 wherein each base station 
2 from said set of base stations comprise: 

means for measuring said energy level of said traffic 

4 channel; and 

means for setting said power control command to increase if 
6 said energy is less than a threshold, and for setting said power control 
command to decrease if said energy is greater than said threshold. 

8. The system of claim 6 wherein said means for generating said 
2 traffic channel is further for performing gain adjust on said traffic channel 

in response to transmission rate changes. 

9. The system of claim 6 wherein said subscriber unit further 
2 comprises a power control means for adjusting a reverse link gain 

adjust command in response to changes in a forward link receive 
4 energy. 

10. A system for receive processing a signal comprising: 

2 traffic channel processor for demodulating a traffic channel in 

said signal; 

4 pilot channel process for demodulating a pilot channel in said 

signal and for generating a received energy measurement based on said pilot 
6 channel; and 

power control system for generating a power control command 
8 base on said received energy measurement. 

11. The system as set forth in claim 10 wherein said power control 
2 command is for requesting an adjustment selected from a set of adjustments 

comprised of an increase or a decrease. 

12. The system as set forth in claim 11 wherein said adjustment is 
2 directed to said signal. 

13. The system as set forth in claim 12 wherein said adjustment is 
2 directed to said traffic channel. 



14. The system as set forth in claim 10 further comprising a 
2 transmit system for transmitting said power control command. 
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